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[57] ABSTRACT 
An apparatus for the contactless measurement of geo 
metrical dimensions includes a light source emitting a 
light beam, a ?rst de?ector de?ecting the light beam at 
an angle toward an object to be measured, a receiver 
receiving the light beam and a second de?ector for 
de?ecting the light beam re?ected by the object toward 
the receiver. The second de?ector rotates about an axis 
extending perpendicularly to the light beam re?ected 
by the object. The axis of the light beam emitted by the 
light source extends parallel to the axis of rotation of the 
second de?ector. The light beam conducted to the re 
ceiver extends coaxially to the axis or rotation of the 
second de?ector. This apparatus requires no calibra 
tion, but only an adjustment. For measuring a distance 
it is suf?cient if only the second de?ector rotates. If 
both deflectors rotate, the second de?ector must rotate 
at a substantially higher rate of rotation than the ?rst 
de?ector. The ?rst de?ector is vertically adjustable and 
lockable. Also, the unit formed by the light source, the 
two de?ectors and the receiver may be rotatable about 
an axis and movable in longitudinal direction of the axis 
extending parallel to the axis of rotation of the second 
de?ector. 

11 Claims, 4 Drawing Sheets 
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APPARATUS FOR THE CONTACI‘LESS 
MEASUREMENT OF GEOMETRICAL 

DIMENSIONS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus for the 

contactless measurement of geometrical dimensions. 
2. Description of the Prior Art 
An apparatus of this type is known from German 

Offenlegungsschrift No. 28 10 192. In that apparatus, a 
focused light beam is projected from an emitter initially 
onto a de?ector which rotates about an axis extending 
perpendicular to the axis of the light beam. The de?ec 
tor projects the light beam onto an object to be mea 
sured in the same plane. The light beam is de?ected by 
this object and is conducted to another rotating de?ec 
tor from which the light beam is then conducted to a 
light-sensitive receiver. The de?ector assigned to the 
receiver rotates about an axis which extends parallel to 
the axis of rotation of the de?ector assigned to the emit 
ter, however, the de?ector assigned to the receiver 
rotates at a higher rate of rotation. The light beam is 
always conducted only in a single plane. 

Since the distance between the axes of rotation of the 
de?ectors is known, the angular positions of the de?ec 
tors relative to the object to be measured can be used, 
by an electronic evaluating system forming part of the 
apparatus, to determine, on the basis of the triangulation 
method within the given system of coordinates, the 
position of the point projected by the light beam on the 
object to'be measured. 
The known apparatus described above has the disad 

vantage that the light beam is conducted within a single 
plane. This means that the light beam emitted by the 
emitter usually does not meet the axis of rotation of the 
de?ector assigned to the emitter. This is due to unavoid 
able technical deficiencies, such as, manufacturing tol 
erances, bearing play or the like. As a result, the direc 
tion of the beam de?ected by the de?ector does not 
coincide with the ideal direction. The angle error which 
is caused by this would be negligible if the sector cov 
ered by the light beam on the object to be measured 
were relatively small, i.e., if incoming and outgoing 
angles are small. However, when these angles increase, 
the inaccuracy of measurement also increases, particu 
larly in the end locations of the sector covered by the 
light beam. Thus, in the known apparatus, the measur 
ing accuracy is essentially satisfactory only if it is possi 
ble to move an object to be measured into the central 
range of the light beam sector. 
Of course, it is possible to calibrate the known appa 

ratus in order substantially to eliminate errors due to, 
for example, manufacturing tolerances or bearing play. 
However, the disadvantage of calibration resides in the 
fact that it is not only time-consuming and technically 
cumbersome, but is also relatively easily eliminated by 
external in?uences, such as, vibrations, impacts or the 
like. > 

It is, therefore, the primary object of the present 
invention to improve the apparatus of the type de 
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scribed above in such a way that in an apparatus of 65 
relatively simple construction a continuous contactless 
measurement can be ensured even over longer periods 
of time without calibration or re-calibration. 

2 
SUMMARY OF THE INVENTION 

In accordance with the present invention, an appara 
tus for the contactless measurement of geometrical di 
mensions includes a light source emitting a focused 
monochromatic light beam, a ?rst de?ector for de?ect 
ing the light beam emitted by the light source at an 
angle to the object to be measured, a receiver sensibil 
ized to the light beam meeting the object, and a second 
de?ector for de?ecting the light beam re?ected by the 
object toward the receiver. The second de?ector ro 
tates about an axis extending perpendicularly to the 
light beam re?ected by the object. An electronic evalu 
ating system is provided for determining the desired 
geometrical dimensions on the basis of the triangulation 
method. The axis of the light beam emitted from the 
light source toward the ?rst de?ector extends parallel 
to the axis of rotation of the second de?ector which is 
assigned to the receiver. The light beam incident in the 
receiver extends coaxially with the axis of rotation of 
the rotating second de?ector. The receiver has a point 
like sensitive portion. 

In contrast to the known apparatus, in the apparatus 
according to the invention the light beam is conducted 
between the light source and the receiver no longer 
exclusively in a single plane. Rather, it is ensured that 
the light beam emitted by the light source, for example, 
a laser is conducted parallel to the axis of rotation of the 
rotating de?ector and that the portion of the light beam 
received by the receiver also extends in this axis of 
rotation This is achieved by means of de?ectors which 
de?ect the light beam emitted by the light source by 90° 
into the plane of measurement and the portion of the 
light beam re?ected by the object to be measured from 
the plane of measurement by 90° toward the receiver. 
An apparatus in which the light beam is conducted in 

the above-described manner can be relatively easily 
adjusted and this adjustment can be maintained during 
the measurement operation because it is possible with 
out problems to adjust the parallelism of the light beam 
emitted by the light source and the light beam received 
by the receiver as well as the coaxial alignment of the 
light beam received by the receiver in the axis of rota 
tion of the second de?ector. In principle, merely an 
adjustment of the axis of rotation is required, while a 
calibration is no longer necessary. 
Another advantage of the present invention resides in 

the fact that a focused monochromatic beam is con 
ducted onto a receiver which has a point-like sensitive 
portion, particularly a photodiode. Thus, the area of 
projection on the receiver is only very limited in size. 
As a result, it is automatically ensured that in case of a 
maladjustment of the apparatus due to whatever cir 
cumstances the portion of the light beam to be received 
by the receiver is no longer detected by the photodiode 
and, thus, the apparatus itself indicates that the appara 
tus no longer operates properly. 

In the simplest embodiment of the invention, one of 
the de?ectors is stationary and the other de?ector ro 
tates. Preferably, the de?ector assigned to the light 
source is the stationary de?ector. In this manner, a 
distance measurement can be carried out without prob 
lems utilizing the triangulation method. An example for 
the use of this embodiment of the invention is the mea 
surement of sag of sheet metal in rolling mills. 
According to another advantageous embodiment of 

the invention, at least one of the two de?ectors is 
mounted so as to be adjustable and lockable in longitu 
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dinal direction of the light beam leaving the light source 
or in longitudinal direction of the light beam incident to 
the receiver. In this manner, the point of re?ection of 
the light beam can be adjusted without problems. Pref 
erably, the non-rotating or the slower rotating de?ector 
is adjusted and then locked. 
As already explained above, it is sufficient for a sim 

ple distance measurement to have only one of the two 
90° de?ectors rotate. However, if it is required to mea 
sure sections on a bending machine during a bending 
process, it is advantageous if the de?ector assigned to 
the light source, i.e., the ?rst de?ector, is rotatable 
about an axis which extends parallel to the axis of rota 
tion of the de?ector which is assigned to the receiver, 
i.e., the second de?ector, wherein the axis of rotation of 
the ?rst de?ector extends coaxially with the light beam 
emitted by the light source. It is important in this con 
nection that the second de?ector rotates faster, prefera 
bly substantially faster, than the ?rst de?ector, so that 
the receiver is sensibilized as frequently as possible 
during a time unit. This substantially increases the mea 
suring accuracy. 

In order to be able to measure speci?cally the con 
tours of tunnels or underground drifts, the two de?ec 
tors are mounted in a common support or housing and 
the support is rotatable about an axis extending parallel 
to the axis of rotation of the second de?ector. In this 
embodiment, one of the de?ectors is made stationary 
and the other de?ector may be rotatable It is also possi 
ble that both de?ectors rotate. The axis of rotation of 
the support may preferably extend coaxially to the light 
beam emitted by the light source. 

In accordance with. another embodiment of the in 
vention, the two de?ectors are mounted in a common 
support or housing which is movable in longitudinal 
direction of the axis of rotation of the support. Thus, 
due to the translatory mobility of the support, it is also 
possible to measure three-dimensional objects by means 
of the apparatus according to the invention. In this case, 
it is advantageous if both de?ectors rotate. 

In accordance with a particularly advantageous em 
bodiment of the invention, the de?ectors are formed by 
prisms or mirrors having constant de?ection angles. 
Particularly pentaprisms are useful because they ensure 
an excellent 90' de?ection of the light beam. In order to 
be able to determine without problems the incoming 
and outgoing angles of the light beam in the plane of 
measurement, a pulse disk of an absolute or incremental 
generator is connected to at least the axis of rotation of 
the second de?ector which rotates with a constant rate 
of rotation. In this case, initially the re?ectors are 
aligned in such a way that a lightbeam emitted by the 
light source is conducted immediately in the receiver. 
This position of the de?ector, particularly the de?ector 
assigned to the receiver, corresponds to a certain posi 
tion of the pulse disk. Thus, when the de?ector rotates 
at a constant rate of rotation, the pulses at the receiver 
are in a certain time dependency to the pulses of the 
pulse disk which is the offset to be balanced. This de 
pendency is input in the electronic evaluating system. 
The measuring speed and the measuring accuracy are 
dependent on the resolution of the absolute or incre 
mental generator. In order to further increase the mea 
suring accuracy, a pulse disk of a time delay generator 
is connected at least to the axis of rotation of the second 
de?ector rotating with a constant rate of rotation. Ac 
cordingly, in this case, the absolute or incremental gen 
erator is replaced by a time delay generator. In this way, 
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4 
it is possible to vary the measuring speed and measuring 
accuracy dependent upon the requirements of the ob 
ject to be measured in each instance. The resolution and 
accuracy of the time delay generator is dependent upon 
the uniformity of the rate of rotation and the oscillator 
frequency. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this disclosure. 
For a better understanding of the invention its operating 
advantages and speci?c objects attained by its use, ref 
erence should be had to the drawings and descriptive 
matter in which there are illustrated and described pre 
ferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing: 
FIG. 1 is a perspective view of an apparatus for the 

contactless measurement of geometrical measurements 
according to the present invention; 
FIG. 2 is a schematic top view of the apparatus of 

FIG. 1; 
FIG. 3 is a schematic top view of another embodi 

ment of the apparatus of FIG. 1; 
FIG. 4 is a schematic illustration of a possible use of 

the embodiment of FIG. 3; 
FIG. 5 is a perspective view of another embodiment 

of the apparatus of FIG. 1; and 
FIG. 6 schematically illustrates the adjustment of the 

apparatus of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The apparatus for the contactless measurement of 
geometric dimensions illustrated in FIGS. 1 and 2 of the 
drawing includes a housing-like bearing head 1, a light 
source which projects a focused monochromatic light 
beam 2, particularly a laser, a de?ector 5 which deflects 
light beam 2 at an angle of 90° toward an object 4 to be 
measured, a second de?ector 6 which projects the light 
beam 2 re?ected from object 4 onto a receiver 7 in the 
form of a photodiode, and an electronic evaluating 
system 8. 
The light source 3 is encapsulated in a housing 9. In 

the embodiment discussed below, the light source 3 
emits a laser. The vertically downwardly directed laser 
beam 2 meets de?ector 5 which is constructed as a 
pentaprism and is de?ected by this pentaprism by ex 
actly 90° from the vertical into the horizontal plane of 
measurement in which the object 4 to be measured is 
located. De?ector 5 is also encapsulated in a housing 10. 
Housing 10 has an outlet opening 11 for laser beam 2. 
De?ector 5 rotates togetherwith its housing 10 about 

a vertical axis 12 which is mounted in measuring head 1 
through bearings 13. 
De?ector 5 is vertically adjustable along axis of rota 

tion 12 by means of an adjusting unit 14. 
In addition, a step motor 15 and a coding or pulse disk 

16 of an absolute or incremental generator are arranged 
on the axis of rotation 12 of the unit formed by the light 
source 3 and de?ector 5. 
The laser beam 2 re?ected by the object 4 reaches 

de?ector 6 which is constructed as a pentaprism. De 
?ector 6 is encapsulated in a housing 17 having an inlet 
opening 18. De?ector 6 de?ects laser beam 2 through a 
lens 19 to a photodiode 7 which is encapsulated in a 
housing 20 and has a point-like sensitive portion. 
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De?ector 6 rotates together with its housing 17 about 
an axis 21 which extends parallel to the axis of rotation 
12 of the units formed by light source 3 and de?ector 5. 
Housing 17 is supported in measuring head 1 through 
bearing 22. 
De?ector 6 rotates with a rate of rotation which is 

selected a multiple greater than the rate of rotation of 
de?ector 5. 
The unit composed of de?ector 6 and receiver 7 has 

at its bottom end a drive motor 24. A pulse disk 26 of an 
absolute or incremental generator is fastened to a shaft 
25 of a gearing unit 23. 

Finally, the apparatus according to the invention 
further includes electronic evaluating system 8 which is 
connected, through electric connecting lines not shown 
in the drawing, to measuring head 1 for transmitting the 
relative angular positions of the de?ectors 5 and 6 in 
accordance with the positions of generators 16 or 26. 
For a simple distance measurement, it is sufficient if 

de?ector 6 rotates and de?ector 5 is standing still. This 
situation is illustrated in FIG. 3. A laser beam 2 emitted 
by light source 3 is de?ected by de?ector 5 and is pro 
jected onto object 4. Laser beam 2 is re?ected by the 
object and conducted to de?ector 6 which de?ects the 
beam 2 by 90° and conducts it to the photodiode 7. 
Photodiode 7 receives a light pulse when the normal 
vector of the mirror surface of de?ector 6 and the laser 
beam 2 extend in a common vertical plane. Since the 
spacing A between de?ectors 5 and 6 is known, the 
distance to the objects 4, 4' to be measured can be deter 
mined by the electronic evaluating system 8 on the basis 
of the triangulation method. 
FIG. 2 is a schematic view of the apparatus of FIG. 

1 and illustrates as an example the measurement of 
curved contours 4 in accordance with a bending proce 
dure. Since, in this case, an elongated object is to be 
measured, it is necessary to also rotate de?ector 5, so 
that laser beam 2 can be moved along the entire object 
4. Since, in this embodiment, de?ector 6 rotates by a 
multiple faster than de?ector 5, photodiode 7 receives a 
plurality of pulses as the laser beam 2 is conducted along 
object 4, always when the normal vector of the mirror 
surface of the de?ector 6 and the laser beam 2 extend in 
a common vertical plane This is illustrated in dash-dot 
ted lines in FIG. 2. 
FIG. 4 illustrates, for example, the use of the appara 

tus according to the present invention for measuring the 
contour 27 of an underground drift 28. In this case, the 
embodiment shown in FIG. 3 is used, however, the 
entire measuring head 1 together with light source unit 
3, 5 and receiving unit 6, 7 are rotatable about an axis 29 
which extends parallel to the axis of rotation 21 of de 
?ector 6. Axis of rotation 29 extends in longitudinal 
direction of laser light source 3. 
FIG. 5 shows an embodiment of the invention utiliz 

ing the apparatus illustrated in FIGS. 1 and 2. In this 
case, measuring head 1 does not only rotate about a 
longitudinal axis 30 but can also be moved in direction 
of this longitudinal axis 30. Thus, by superimposing the 
movements of the measuring head 1, three-dimensional 
objects 31 can also be exactly measured. 
FIG. 6 illustrates the adjustment of the apparatus of 

FIG. 1. 
FIG. 6 shematically shows laser light source 3, ?rst 

de?ector 5, second de?ector 6 and photodiode 7. How 
ever, instead of the pulse disks 16, 26 of absolute or 
incremental generators, impulse disks 16a, 26a of time 
delay generators are shown. 
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When laser light source 3 is switched on, initially the 

two de?ectors 5 and 6 are rotated about axes of rotation 
12 and 21 until laser beam 2 is conducted exactly into 
photodiode 7. 
Second de?ector 6 is now rotated together with pulse 

disk 260 at a constant rate of rotation. Depending upon 
the position of the pulse disk 26a and the pulse 26 I 
generated by the pulse disk 26a, a pulse configuration 
results with a constant offset OS to be balanced. The 
pulse of the time delay generator is denoted by refer 
ence numeral 26 I and the pulse of receiver 7 is denoted 
by reference numeral 7 I. 

Following the balancing at axis 21, the same proce 
dure can be followed with respect to de?ector 5 on the 
other axis 12. 
While speci?c embodiments of the invention have 

been shown and described in detail to illustrate the 
application of the inventive principles, it will be under- - 
stood that the invention may be embodied otherwise 
without departing from such principles. 
We claim: 
1. An optical apparatus for the contactless measure 

ment of distances with the triangulation method, com 
prising a light source emitting a focused monochro 
matic light beam, a ?rst de?ector for de?ecting the light 
beam at an angle toward an object to be measured, a 
receiver having a point-like sensitive portion sensibil 
ized to the light beam meeting the object, a second 
de?ector for de?ecting the light beam re?ected by the 
object toward the receiver, the second de?ector rotat 
ing about an axis extending perpendicularly to the trian 
gulation plane, electronic evaluating means for deter 
mining the distance to be measured on the basis of the 
triangulation method, wherein the axis of the light beam 
emitted by the light source toward the ?rst de?ector 
extends perpendicularly to the triangulation plane and 
parallel to the axis of rotation of the second de?ector, 
and wherein the light beam conducted from the second 
re?ector to the receiver extends coaxially to the axis of 
rotation of the second de?ector. 

2. The apparatus according to claim 1, wherein the 
?rst re?ector is mounted adjustable and lockable in 
longitudinal direction of the light beam emitted by the 
light source. 

3. The apparatus according to claim 1, wherein the 
second de?ector is mounted adjustable and lockable in 
longitudinal direction of the light beam conducted into 
the receiver. 

4. The apparatus according to claim 1, wherein the 
?rst de?ector is rotatable about an axis which extends 
parallel to the axis of rotation of the second de?ector 
and coaxially to the axis of the light beam emitted by the 
light source. 

5. The apparatus according to claim 1, comprising a 
support means for the ?rst and second de?ectors, 
wherein the support means is rotatable about an axis 
extending parallel to the axis of rotation of the second 
de?ector. 

6. The apparatus according to claim 5, wherein the 
support means is movable in longitudinal direction of 
the axis of rotation of the support means. 

7. The apparatus according to claim 1, wherein the 
de?ectors are prisms. 

8. The apparatus according to claim 7, wherein the 
prisms are pentaprisms. 

9. The apparatus according to claim 1, wherein the 
de?ectors are mirrors. 
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10. The apparatus according to claim 1, comprising a 
pulse disk of an absolute or incremental generator con 
nected to the axis of rotation of the second de?ector, axis of rotation of the second de?ector, wherein the 
wherein the second de?ector rotates at a constant rate 
of rotation. 5 

11. The apparatus according to claim 1, comprising a 

pulse disk of a time delay generator connected to the 

second de?ector rotates at a constant rate of rotation. 
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